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Description 



STRUCTURE AND METHOD FOR 
HYPER-ABRUPT JUNCTION VARACTORS 

Background of Invention 

[0001] Fi e id of the Invention 

[0002] The invention generally relates to varactors and, more 
particularly relates to hyper-abrupt (HA) junction varac- 
tors and a method of fabrication of HA junction varactors 
in CMOS, rf-CMOS, BiCMOS or analog technologies. 

[0003] Background Description 

[0004] Varactors form a class of tunable semiconductor capaci- 
tors typically derived from pn-junctions, where the pn- 
junction is operated in a reverse bias state. The capaci- 
tance of the varactor may be varied by adjusting the re- 
verse bias voltage, and thus varactors are characterized by 
a C-V tuning curve. Varactors are especially useful in os- 
cillator circuits, especially voltage-controlled oscillators, 
where the varactor tunability is used to tune the oscilla- 



tion frequency of the circuit. Thus, varactors find use in 
cellular phones, televisions and radios, computers, active 
filters, and wherever a first signal is synchronized to sec- 
ond signal. 

[0005] Varactor functioning is most easily understood in the 

terms of a basic capacitor. In general, a capacitor consists 
of two conductive plates separated by a dielectric. Oppo- 
site charges collect on the capacitor plates when a voltage 
potential is applied across the plates. The capacitance of 
the capacitor, and its ability to hold a certain amount of 
charge at a certain voltage, depends on the distance be- 
tween the two plates, among other parameters. The larger 
the distance between the two plates, the less the capaci- 
tance and the less charge the capacitor can hold at a given 
voltage potential. 

[0006] a pn-junction may function as a capacitor in the reverse 
bias mode because the reversed voltage potential causes 
charge carriers to move away from the pn-junction. The 
facing edges of the p and n regions collect the charge and 
act as the conductive plates, i.e. the anode and cathode. 
As the charge carriers move away from the pn-junction, a 
depletion region near the junction is formed which is the 
equivalent of a dielectric in a standard capacitor. As the 



voltage potential is increased, the charge carriers move 
farther away from the pn-junction, which is equivalent to 
increasing the distance between the two conductive plates 
of a standard capacitor. Accordingly, the capacitance of a 
varactor is, in part, voltage dependent and may be tuned 
over a particular range. The capacitance of a varactor is 
also dependent on other parameters such as junction area 
and the doping densities in the junction. 

[0007] The doped region of a varactor is typically formed in 

semiconductor film deposited on the varactor cathode. 
Different doping profiles within the film may be used to 
achieve different capacitance-voltage tuning relationships 
(C-V tuning curves). The first varactors were constrained 
to linear doping profiles because of fabrication limita- 
tions. Such varactors have a C-V tuning curve where ca- 
pacitance is proportional to the inverse cube root of the 
tuning voltage. As fabrication methods improved, it be- 
came possible to closely control doping profiles, and var- 
actors with uniform doping profiles became available. The 
uniform doped varactors have C-V tuning curves where 
capacitance is proportional to the inverse square root of 
the bias voltage. 

[0008] For some varactor applications, a linear C-V tuning curve 



is preferred, and thus HA junction varactors were devel- 
oped. HA junction varactors have a doping profile which 
changes in a controlled non-linear way with density of the 
dopants increasing towards the junction and abruptly 
dropping to zero at the junction. With a suitable profile, 
the varactor"s capacitance can be linearly dependant on 
bias voltage over at least a portion of the varactor"s tun- 
ing curve. 

[0009] HA junction varactors may be made with various methods 
including ion implantation and molecular beam epitaxial 
growth. As noted above, one of the parameters which af- 
fects the capacitance, and C-V tuning curve, of a varactor 
is the doping profile within the LTE (low temperature epi- 
taxial) layer. Thus, as doping density varies, so does the 
C-V tuning curve of the varactor. The doping profile may 
be affected by, among other things, the thickness of the 
LTE layer. Consequently, the C-V tuning curve of varactors 
in a particular manufacturing batch may vary significantly 
from one unit to the next based on variations in the LTE 
layer thickness. In some examples, the C-V tuning curve 
has as much as a 50% variation in capacitance in the mid- 
dle of the curve. 

[0010] The cause of variations of the LTE layer thickness may be 



due to variation in initial LTE layer formation as well as 
changes in the LTE layer thickness caused by subsequent 
manufacturing steps. Such device variation due to manu- 
facturing variation may be difficult for the design engineer 
to accommodate and lead to complicated circuit designs 
and extra steps in circuit fabrication. 

[001 1] Though the C-V tunability of varactors may offer the cir- 
cuit designer increased freedom in designing certain cir- 
cuits, known varactors have C-V tuning curves which may 
vary substantially from one unit to the next. Such varia- 
tions are due to variations in the fabrication process, such 
as etching, layer formation, and doping the multiple layers 
of semiconductor forming the active region (cathode, col- 
lector, junction, and anode) of the varactor. In fact, varac- 
tor C-V tuning curves may vary by as much 50% from the 
nominal specification called for by the designer. Accord- 
ingly, circuit designs must make more complicated cir- 
cuits to accommodate C-V tuning curve variation. But, 
such complicated fabrication processes, and circuit com- 
plexity increase the cost of varactor implementation. 

[0012] Referring to Figure 1, a related art varactor is shown. The 
varactor 10 has a Si (silicon) substrate 12 with an N+ sub- 
collector 14 formed therein. The N+ subcollector 14 is 



positioned in a lower portion of the Si (silicon) substrate 
12 and may be formed by ion implanting methods well 
known to those skilled in the art. For example, arsenic 
ions can be implanted into the Si substrate 12 to form the 
subcollector 14 with a dosage of about 1.4 x 10 16 atoms/ 
cm 2 at about 40 KeV energy levels. It should be noted that 
there are typically diffusion areas adjacent to the N+ sub- 
collector 14, such as, for example, at each end of the N + 
subcollector 14 where some of the dopants would diffuse 
into the surrounding Si substrate 12. The N+ subcollector 
14 functions as the cathode of the varactor 10. After 
forming the N+ subcollector 14 region in the substrate 
12, an optional epitaxial Si layer may be formed atop the 
surface of the substrate 12 utilizing conventional epitaxial 
growing processes. 
[0013] Above a portion of the N+ subcollector 14 is a collector 
16. The collector 16 is formed by doping the Si substrate 
12 with first conductivity type ions of either N-type or P- 
type. For example, the collector 16 may be formed by im- 
planting with phosphorus ions at about 6 x 10 12 atoms/ 

2 

cm at energy levels of about 700 KeV. Above the N+ 
subcollector 14 on either side of the collector 16 and next 
to a reach through implant 20 are isolation regions 18. 



The isolation regions 18 may be isolation oxides, and may 
further be shallow trench isolation oxides. In the case 
where the isolation regions 18 are shallow trench isolation 
oxides, the isolation regions 18 may be formed, for ex- 
ample, by conventional lithography, etching, and shallow 
trench fill methods well know to those skilled in the art. 
[0014] At one end of the Si substrate 12 and between two of the 
isolation regions 18 is the reach-through implant 20. The 
reach-through implant 20 extends from a top surface of 
the varactor 10 into the Si substrate 12 and is in electrical 
communication with the N+ subcollector 14. The reach- 
through implant 20 may be formed using conventional 
methods well known in the art. Accordingly, the same ion 
dopant utilized to dope other regions of the varactor 10, 
such as used for doping the N+ subcollector region 14 
may be used to form the reach-through implant 20. For 
example, the reach-through implant 20 may be formed 
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with Sb (antimony) dopant with a 1.4 x 10 atoms/cm 
density at about 200 KeV, or it maybe formed with P 
(phosphorus) dopant with a 4 x 10 15 atoms/cm 2 density 
at about 70 KeV. 
[0015] on top of the reach-through implant 20 is a silicided re- 
gion 32. The silicided region 32 serves to provide good 



ohmic contact to the underlying reach-through implant 
20, and may be formed by methods well known in the art. 
[0016] on top of the collector 16 is an HA junction 24. The HA 

junction 24 is formed in the Si substrate 12 above the col- 
lector 16 region. The HA junction 24 is formed by doping 
methods well known in the art. For example, the HA junc- 
tion 24 may be formed using an N-type dopant, such as 
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Sb at a density of 5 x 10 atoms/cm and an energy of 
about 40 KeV. 

[0017] on top of each isolation region 18 are sacrificial layers 30. 
The sacrificial layers 30 serve to protect the underlying Si 
regions during FET processing. The sacrificial layers 30 
are made of, for example, a protect dielectric such as ni- 
tride. The sacrificial layers 30 are initially deposited across 
substantially all of the top surface of the Si substrate 12 
and protects the surface during later processing. The di- 
electric is etched prior to LTE processing and may leave 
the remaining topography. The sacrificial layers 30 may 
be formed, for example by PCVD (plasma chemical vapor 
deposition). 

[0018] An LTE layer 26 is deposited over the HA junction 24. The 
LTE layer 26 is made from P-type Si using LTE methods 
well known to those of ordinary skill in the art. The LTE 



layer 26 is later doped with P+ type ions by necessary 
bipolar implants or the standard PFET source/drain ion 
implant. Accordingly, further bipolar processing steps are 
required after the HA junction 24 has been formed. Such 
further bipolar processing may alter the thickness, as well 
as other parameters, of the HA junction causing variation 
in the final C-V tuning curve of the varactor. 
[0019] on top of the LTE region 26 is a silicided layer 34. The 
silicided layer 34 is formed by 1-step or 2-step silicide 
processes using conductive metals (i.e.: titanium, cobalt, 
nickel, etc.) which are well-known in the art. The silicided 
layer 34 serves to provide good ohmic contact to the LTE 
layer 26. 

[0020] As noted above, either bipolar processing during and sub- 
sequent to forming the related art HA junction causes 
unit-to-unit manufacturing variation in related art varac- 
tor tuning curves, and such variations in varactors compli- 
cates circuit designs. Accordingly, in order to simplify the 
design of circuits using varactors, a fabrication process 
which produces varactors having less manufacturing vari- 
ation in the C-V tuning curve is desirable. Additionally, HA 
junction varactors which have less unit-to-unit manufac- 
turing variation in the C-V tuning curve are desired. 



Summary of Invention 

[0021] | n one aspect of the invention, a varactor having a semi- 
conductor material having a continuous column with a 
lower region, a middle region, and an upper region is pro- 
vided. The varactor has a first dopant disposed in the 
lower region of the continuous column a second dopant 
disposed in the middle region of the continuous column, 
and a third dopant disposed in the upper region of the 
continuous column. 

[0022] | n another aspect, a hyper-abrupt junction varactor having 
a substrate having a subcollector region and a plurality of 
isolation regions is provided. The hyper-abrupt junction 
varactor has a first region of a first conductivity type pro- 
vided adjacent the subcollector region between at least a 
pair of the plurality of isolation regions. The varactor has 
a second region of a second conductivity type which is 
different from the first conductivity type located adjacent 
the first region and between the at least pair of isolation 
regions. 

[0023] in still another aspect, the invention includes a method of 
fabricating a varactor. The method includes forming a 
semiconductor substrate, and doping a lower region of 
the semiconductor substrate with a first dopant. The 



method also includes doping a middle region of the semi- 
conductor substrate with a second dopant, and doping an 
upper region of the semiconductor substrate with a third 
dopant. 

Brief Description of Drawings 
[0024] Figure 1 illustrates a related art HA junction varactor; 

[0025] Figure 2 illustrates a first embodiment of an HA junction 
varactor in accordance with the invention; 

[0026] Figure 3 illustrates a second embodiment of an HA junc- 
tion varactor in accordance with the invention; and 

[0027] Figure 4 illustrates a graph of doping profiles of an em- 
bodiment of an HA junction varactor in accordance with 
the invention. 
Detailed Description 

[0028] The invention relates to hyper-abrupt (HA) junction varac- 
tors and to a simplified method of fabrication of HA junc- 
tion varactors. The invention simplifies varactor fabrica- 
tion and tightens manufacturing tolerances by eliminating 
one or more etching or layer formation steps. The varac- 
tor formation process avoids etching or layer formation 
steps by relying mostly on doping steps to form the active 
region of the varactor. This process and resulting struc- 



ture is less expensive and easier to produce with tighter 
manufacturing tolerances. 

[0029] Also, by using the invention, altering the C-V tuning is 
easily accomplished by adjusting the doping rates. Thus, 
C-V tuning curves are shown to be within design parame- 
ters using the invention. This invention is compatible with 
complex fabrication processes or complex circuitry. In 
fact, the design of the invention uses a semiconductor 
substrate without little or no etching, or the like, required. 

[0030] Figure 2 shows an example of an embodiment in accor- 
dance with the invention. In Figure 2, varactor 40 is shown 
having a semiconductor material 42. The semiconductor 
material 42 is doped through several doping processes to 
form an N+ region 44, an HAjunction 52, and an anode 
region 54. The N+ region 44 may also be referred to as an 
N+ subcollector or cathode. These regions may be re- 
ferred to generally as lower, middle and upper regions, 
respectively. In one implementation of the invention, the 
N+ region 44 may also include a collector region 50 in its 
upper portion. The collector region 50 may be formed by 
the tail of the N+ region 44, and thus may include the 
same dopant as the N+ region 44 at a lower dopant den- 
sity or concentration. These components are formed in a 



continuous column of semiconductor material, generally 
represented by reference numeral 100. 
[0031] Referring more specifically to Figure 2, an embodiment of 
the HA junction varactor 40 in accordance with the inven- 
tion is shown which reduces device variation due to man- 
ufacturing variations. The HA junction varactor 40 has a Si 
substrate 42 into which the N+ region 44 is implanted. 
The N+ region 44 is implanted using a deep ion implant 
process. For example, the N+ region 44 may be formed 
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using a 1x10 atom/cm dose of N-type dopants such as 
P atoms at about 1 MeV energy levels. Other dopants 
which may be used include, for example, As (arsenic) and 
Sb. Accordingly, the N+ region 44 may be formed under a 
relatively large thickness of Si wafer material, for example 
about 0.5 urn to 1.5 urn, and positioned at a deep level in 
the Si substrate 42. As such, there is no need for a buried 
subcollector process which involves implanting N+ atoms 
at shallow depth and subsequently growing an epitaxial 
layer on top of the implanted region. The N+ atoms sub- 
sequently diffuse out to form the N+ region 44. Subse- 
quent layers are deposited on top thereof to hold other 
dopants. Thus, the N+ region 44 may be formed in place 
within the Si substrate 42, and eliminates the need to 



form a buried N+ subcollector. 

[0032] Either before the Si substrate 42 is doped, or after the N + 
region 44 is formed, isolation regions 46 are formed in 
locations which will ultimately be on either side of a col- 
lector implant 50 and HA junction 52 and reach through 
implant 48 formed in subsequent steps. The isolation re- 
gions 46 may be shallow trench isolation oxides formed 
by methods well known to those of skill in the art. For ex- 
ample, the isolation regions 46 may be formed by etching 
shallow trenches using well know etching techniques, fol- 
lowed by deposition of a trench oxide and CMP (chemical 
mechanical planarizing). 

[0033] The N+ region 44 forms the cathode, and the tail of the 
N+ region doping profile forms the collector 50 of the 
varactor 40. More specifically, the lower energy atoms of 
the N+ region 44 doping process penetrate to a shallower 
depth in the Si substrate 42 than the higher energy atoms. 
These lower energy atoms are referred to as the "taiT'of 
the N+ region 44 doping profile and form the dopant oc- 
cupying the region above the N+ region 44, and thus 
form the collector 50 of the varactor 40. Due to the low 
energy levels of the low energy atoms, they do not pene- 
trate into the Si substrate 42 as far as the higher energy 



atoms, and thus form a region above the N+ region 44 of 
the same dopant atoms as those used to form the N+ re- 
gion 44. 

[0034] Accordingly, the collector implant 50 may be formed from 
N-type dopants, such as, for example, Sb or P atoms. As 
such, the N+ region 44 and the collector 50 may be 
formed in one doping step by taking advantage of the en- 
ergy distribution of the atoms in the first doping process. 

[0035] The HA junction 52 is formed on top of the collector im- 
plant 50 between the two isolation regions 46. The HA 
junction 52 is formed by a dopant implant into the Si sub- 
strate 42 above the collector implant 50. For example, the 
HA junction 52 may be formed with N-type Sb atoms at 
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about a 1x10 atom/cm density at about 200 to 300 

13 

KeV energy levels, or As atoms at about a 1 x 10 atom/ 
cm 2 density and at about 100-200 KeV energy levels. It 
should be noted that all or some of the HA junction 52 
doping profile may overlap a portion of the tail of the 
deeper N+ region 44 dopant profile. Additionally, the HA 
junction doping profile should be specifically tailored for 
the later P-type ion implant profile that forms the anode. 
[0036] a source/drain type implant is used to form the anode 54 
above the HA implant 52 between the two isolation re- 



gions 46. The anode 54 may be formed with conventional 
P-type dopants using conventional P+ doping methods 
well known in the art. The anode 54 may be formed, for 
example, with B (boron) atoms at about a lxlO 15 atom/ 
cm 2 dosage at about less than 15 KeV energy levels. Other 
dopants which may be used to form the anode 54 include 
BF 2 (boron fluoride) and In (indium). By utilizing a rela- 
tively low energy, the B (boron) atoms are implanted at a 
shallow depth near the surface of the Si substrate 42. For 
example, typical implantation depths for the anode 54 
range from about 50 A to about 700 A. 

[0037] Accordingly, the active portion of the HA junction varactor 
is a column of semiconductor material having a lower re- 
gion with a first dopant, a middle region with a second 
dopant, and an upper region with a third dopant. The first 
dopant may be an N-type dopant, and may include P, As, 
and Sb. The second dopant may be an N-type dopant, and 
may include P, As, and Sb. The third dopant may be a P- 
type dopant, and may include B, BF 2 , In, and Ga (gallium). 

[0038] N ex t to one of the isolation regions 46 and above a por- 
tion of the N+ region 44, a reach-through implant 48 may 
be formed. The reach-through implant 48 extends from 
the top of the varactor 40 into the Si substrate 42 and is 



in electrical contact or communication with the N+ region 
44. The reach-through implant 48 may be formed by con- 
ventional methods well known in the art. For example, the 
reach-through implant 48 may be formed by a two step 
process by doping with Sb atoms at a dosage of about 
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1x10 atoms/cm at an energy level of about 200 KeV or 

15 2 

P atoms at a dosage of about 1x10 atoms/cm at an en- 
ergy level of about 70 KeV. 

[0039] still referring to Figure 2, a first silicided region 56 is 

formed on the top surface of the Si substrate 42 above the 
anode 54. A second silicide 58 region is formed on the 
top of the reach-through implant 48. The silicided re- 
gions, 56 and 58, provide ohmic contact to the underlying 
anode 54 and reach-through implant 48, respectively. The 
silicided regions, 56 sand 58, may be simultaneously 
formed by either a 1-step or a 2-step silicidation process, 
using, for example, titanium, cobalt, nickel, or other met- 
als as necessary. 

[0040] Referring to Figure 3, an example of a second embodi- 
ment 60 in accordance with the invention is shown. In the 
embodiment shown in Figure 3, the N+ region 44, collec- 
tor 50, HA junction 52, and anode 54 are formed by sub- 
stantially the same process as the embodiment shown in 



Figure 2. The embodiment of Figure 3, though, shows a 
second reach-through implant 59 to a side of the collec- 
tor 50, which is in electrical communication with the N+ 
region 44. The second reach-through implant 59 has a 
third silicided region 61 formed on a top thereof, and an 
isolation region 46 on either side. The third silicided re- 
gion 61 is formed using methods similar to those which 
may form the first and second silicided regions, 56 and 
58. 

[0041] Consequently, the varactor may be characterized having a 
substrate having a subcollector region with adjacent mul- 
tiple isolation regions within the substrate. Also included 
in the substrate is a first region of a first conductivity type 
above the subcollector region and between the isolation 
regions. The varactor also has a second region of a sec- 
ond conductivity type which is a different conductivity 
type that in the first region. The second region is located 
above the first region and is also between the isolation re- 
gions. Additionally, a third dopant region of the first con- 
ductivity type having a dopant concentration lower than a 
dopant concentration of a first region and a second region 
is included. The third dopant region is located in the sub- 
strate between a first and second dopant regions, and is 



between the isolation regions. These dopant regions are 
all formed without the necessity of etching and/or de- 
positing material. 

[0042] Referring to Figure 4, an example of dopant profiles in the 
active portion of the varactor corresponding to the inven- 
tion are shown. In the graph, the x-axis represents depth 
below the surface of the Si substrate, with the depth in- 
creasing to the right of the axis. The y-axis represents the 
doping density or concentration, and increases towards 
the top of the axis. Deeper penetration into the substrate 
corresponds to higher energy levels for the dopant. 

[0043] The N+ region profile 62 represents the doping density as 
a function of depth of the implant resulting from the pro- 
cess which forms the N+ region and the collector of the 
varactor. For example, the deeper portions of the N+ re- 
gion profile 62 are formed by the higher energy atoms of 
the 1 MeV energy, with the lower energy atoms forming 
the shallower regions of the N+ region profile 62. Thus, 
the left portion of the N+ region profile 62 represents the 
collector region of the varactor. 

[0044] As suggested by the N+ region profile 62 of Figure 4, the 
N+ region 44 of Figures 2 and 3 may lie on the order of 
about one urn below the top surface of the continuous 



column of semiconductor substrate 100. Additionally, the 
dopant concentrations may range, for example, from 
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about 1 x 10 atoms/cm to about 1 x 10 atoms/cm , 
depending on the type of dopant used. Also, the dopant 
dosage densities may form two regions, with a lower re- 
gion having a higher concentration of dopant than an up- 
per region. In this representation, the upper region of 
lower dopant concentration represents the collector re- 
gion 50, while the lower region of higher dopant concen- 
tration represents the N+ region 44 of the varactors 40 
and 60. The dopant dosage densities may range from ap- 
proximately 1 x 10 17 atoms/cm 3 to approximately 1 x 10 2( 
atoms/cm 3 . 

[0045] The HA junction profile 64 represents the doping density 
as a function of depth of the implant resulting from the 
process which forms the HA junction 52 of the varactor. 
As is apparent from the graph, the dopants forming the 
HA junction 52 are injected into the Si substrate 42 at en- 
ergy levels lower than the energy levels used to dope the 
N+ region 44 and collector 50. Additionally, the density of 
dopant abruptly tapers to zero as the dopant approaches 
the surface of the Si substrate 42. The depths of the HA 
junction dopant relative to the N+ region and P+ type 



dopants are controlled substantially by the relative energy 
levels of each dopant. 
[0046] Referring again to Figures 2 and 3, the HA junction profile 
64 indicates that the dopant forming the HA junction 52 
may lie at a shallower depth in the Si substrate 42 than 
the N+ region 44 and most of the collector 50. The HA 
junction profile 64 also may occupy a narrower layer of 
the Si substrate than the N+ region 44. As shown, the HA 
junction profile 64 may overlap a portion of the N+ region 
profile 44, and more specifically may overlap a portion of 
the tail of the N+ region profile 44. The dopant levels may 
range from approximately 1 x 10 17 atoms/cm 3 to approx- 
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imately 1 x 10 atoms/cm . 
[0047] The anode profile 66 of Figure 4 represents the doping 
density as a function of depth of the implant resulting 
from the anode implanting process. The doping profile of 
the anode profile 66 has a low doping density near the HA 
junction profile 64, and quickly increases in concentration 
towards the surface of the Si substrate. The doping con- 
centration then decreases at the surface of the Si sub- 
strate; however, the concentration does not fall below the 
doping concentrations of the N+ region 62 and HA junc- 
tion 64 profiles. 



[0048] Referring again to Figures 2 and 3, the anode profile 66 
indicates that the dopant forming the anode 54 of the 
varactors, 40 and 60, mostly lies at a shallower depth than 
the HA junction 52, collector 50 and N+ region 44. The 
anode profile 66 also may overlap a portion of the HA 
junction profile 64 and N+ region profile 62. It should 
also be noted that the anode profile 66 may extend to or 
almost to the top surface of the Si substrate 42, and that 
the anode doping may occupy a layer of Si substrate 42 of 
about the same thickness as occupied by the HA junction 
52. The dopant levels may range from approximately 1 x 
10 19 atoms/cm 3 to approximately 1 x 10 21 atoms/cm 3 . 

[0049] As thus described, the active region of the varactor in- 
cluding the cathode, collector, HA junction, and anode is 
formed by three doping steps. Each of the three doping 
steps has approximately less energy than the previous 
doping step in order to deposit its respective dopants at 
successively shallower depths. Because the active region 
of the varactor is formed solely by the doping steps, the 
C-V tuning curve of the resulting varactor is less affected 
by growing or etching steps, and there is less manufac- 
turing variation from unit to unit. Thus, the resulting var- 
actor is simpler and less expensive to fabricate, and may 



be manufactured to tighter tolerances. 

[0050] Additionally, the techniques to form the HA junctions of 
the above described embodiments may be implemented in 
a modular form, and thus may be applied in various types 
of manufacturing technologies including CMOS, rf-CMOS 
and BiCMOS with little or no variation. Also the HA junc- 
tion varactor may be manufactured using one additional 
mask level, although the process is compatible with mul- 
tiple mask level manufacturing processes. 

[0051] while the invention has been described in terms of em- 
bodiments, those skilled in the art will recognize that the 
invention can be practiced with modification within the 
spirit and scope of the appended claims. For example, the 
invention can be readily applicable to bulk substrates. 



